INTRODUCTION
Trichogaster trichopterus (Pallas, 1770) , commonly called blue gourami fish, is a common and popular freshwater aquarium fish belonging to the family Belontiidae. Because of its omnivorous and sturdy nature, this fish forms an important part of aquaculture industry; it is mass-cultured for use as an ornamental fish (Axelrod 1996; Sanford 1999) .
Successful aquaculture operations depend upon the health conditions of the species being stocked. Unfavorable environmental conditions or poor management practices in aquaculture farms or tanks can induce stress in fish and make them susceptible to bacterial diseases (Verschuere et al. 2000) . This can result in a significant constraint on fish and shellfish production and economics (Bachere et al. 1995; Kumaran et al. 2010) . Therefore, proper identification and characterization of the etiological agent is of utmost importance to recognize preventive and/or eradicative measures.
Bacteria belonging to the genus Aeromonas are ubiquitous inhabitants of both freshwater and estuarine aquatic environments (Hazen et al. 1978; Seidler et al. 1980; Kaper et al. 1981) and are known to be fish pathogens since 1894 (Emmerich and Weibel 1894; Kirkan et al. 2003) . Review of available literature indicates description of 14 different species of Aeromonas spp. as defined by their morphological, biochemical, and genetic characters (Janda et al. 1999; Abbott et al. 2003; Ullmann et al. 2005) . A. hydrophila predominates the natural microflora of fish (Trust et al. 1974) and is an opportunistic pathogen. Another important member of aeromonads A. veronii that has been reported to be a food borne pathogen causing infections in fish, food-producing animals, and humans (Austin and Austin 1993; Isonhood and Drake 2002; Janda and Abbott 1996). Aeromonads I I In n nt t te e er r rn n na a at t ti i io o on n na a al l l J J Jo o ou u ur r rn n na a al l l o o of f f L L Li i if f fe e e S S Sc c ci i ie e en n nc c ce e es s s have been isolated worldwide from a variety of sources such as drinking, estuarine, aquarium, and wastewater (Allen et al. 1983; Ormen and Ostensvik 2001; Sen and Rodgers 2004) and different kinds of food and seafoods (Janda et al. 1999; Kirov 1993; Ullmann et al. 2005) . They are also known to cause diseases in variety of aquatic and terrestrial animals, including fish (Noterdame et al. 1991; Cipriano 2001; Shome et al. 2005) , amphibians (Pearson et al. 2000) , and humans (San Joaquin and Pickett 1998; Filler et al. 2000) .
In the present study, two new pathogenic strains of Aeromonas spp. were isolated from blue gourami fish that showed symptoms of skin ulcers and from the water of the aquarium wherein these fishes were cultured. Identification and characterization of these strains was done on the basis of the morphological and biochemical data and the findings of sequence analysis of amplified 16S rRNA gene.
MATERIALS AND METHODS

Collection of sample
Blue gourami fish (Trichogaster trichopterus (Pallas, 1770) with symptoms of skin ulcers were sampled from 30-L glass aquarium tank maintained in Aquaculture Biotechnology Laboratory, Department of Life Sciences, University of Mumbai. Fish were anesthetized using MS 222 (Sigma, US), and scrapings were taken from the infected part of the skin. Presterilized plastic bottles were used to collect aliquots of 500 mL of water from the same tank. All samples were processed within 30 min of collection.
Isolation of pathogenic bacteria
Isolation and characterization of bacteria was done according to standard methodology of Austin and Austin (1993) .
One milliliter of water sample was added to 0.1% w/v peptone water at pH 7.2, and then incubated for 24 h at 37°C. After incubation, a loopful of culture was isolated on non-selective media such as trypticase soya agar (TSA) and brain heart infusion (BHI) agar and on selective media such as Mac Conkey's agar, salmonella-shigella (SS) agar, cetrimide agar, and thiosulfate citrate bile sucrose (TCBS) agar.
Scrapings from the infected area of the fish were isolated on non-selective media like TSA and BHI agar and incubated for 24 -48 h at 37°C. After incubation, colony representatives were selected and further isolated on selective media like Mac Conkey's agar, SS agar, brilliant green agar, bismuth sulfite agar, TCBS agar, and incubated at 37°C for 24 h.
Morphological and biochemical characterization of isolated colonies
Identification was done by macroscopic examination of colony shape and size, consistency, pigmentation, staining, and motility characteristics. Isolates were subjected to various biochemical tests, including those for detecting oxidative or fermentative metabolism, oxidase production, lysine decarboxylase production, indole production, starch degradation, acid production from maltose, and hydrogen sulfide production as well as those for methyl red test and Voges-Proskauer test.
Extraction of genomic DNA and amplification of 16S rRNA gene
Both the shortlisted strains isolated from aquarium water and diseased fish were cultured in Luria Bertani (LB) broth (Hi Media, Mumbai) for 2 days. Total genomic DNA was extracted by the standard phenol/chloroform extraction method.
16S rRNA was amplified by polymerase chain reaction (PCR) by using universal 27F (CCA GAG TTT GAT CMT GGC TCA G) and 1488R (CGG TTA CCT TGT TAC GAC TTC ACC) primers in PE 9700 cycler (Perkin-Elmer, Foster, US). Amplification conditions were as follows: initial denaturation at 94°C for 2 min, followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 50°C for 1 min and extension at 72°C for 1 min and final extension at 72°C for 10 min. PCR was carried out in a 25-µL reaction mixture consisting of 10 × Taq polymerase buffer (New England Biolabs, MA, US), 2 mM dNTPs, 10 pM primers, 1 unit Taq polymerase (New England Biolabs), and 10 ng of DNA.
Sequencing of amplified 16S rRNA gene
The PCR amplification products were checked on 1% (w/v) agarose gels. The PCR products were purified using the QIAquick PCR Purification Kit (QIAGEN, Hilde, Germany), following the manufacturer's protocol. Purified PCR products were sequenced on both strands on AB 3730 DNA analyzer by using Big Dye terminator kit (Applied Biosystems, Inc., Foster City, CA). DNA sequencing was carried out at NCCS, Pune, India. Sequences were analyzed for closed homology by using Basic Local Alignment Search Tool (BLAST) tool available at the National Phylogenetic relationships between the isolates were inferred from the 16S rDNA sequences. The phylogenetic tree was constructed using the neighbor joining method. The tree was drawn to scale, with branch lengths in the same units like those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Jukes-Cantor method. The bar represents the number of base substitutions per site. All positions containing gaps and missing data were eliminated from the dataset. Phylogenetic analyses were conducted in MEGA (version 4.0) software.
Submission of sequences to DNA database
The partial sequences of the amplified 16S rRNA of both the isolates were submitted to DNA Database of Japan (DDBJ).
Experimental infection
Healthy adult blue gourami fish were purchased from Fish-o-Fish Aquarium Suppliers, Kurla, Mumbai, and cultured in the aquaculture biotechnology laboratory at Department of Life Sciences, University of Mumbai. In the laboratory, 20 fish were acclimatized in 3 separate 30 L glass aquaria (18 × 9 × 12 in) for 2 weeks. Tanks were labeled as control, tank A, and tank B. During acclimatization, the fish were fed with commercially available pelletized feed.
During experimental infection, fish in the experimental tanks A and B were starved and exposed to 24 h culture of Aeromonas spp., RCPVK-NCCS-AM1 and RCPVK-NCCS-AM2, respectively, at a final concentration of 5 × 10 6 colony forming units (cfu) per milliliter in 30 L of sterilized fresh water, under aseptic conditions. One hour after the cells were added to the water, water flow to the tank was reestablished. Twenty control fish from the same source were exposed to the same volume of uninoculated nutrient broth. Once the fish had been exposed to Aeromonas spp., they were observed twice a day for 30 days for the development of skin ulcers or any disease. Fish that developed skin ulcers were sampled, and following the previously described methodology, were again subjected to the identification of causative bacteria. Water was also sampled and checked for presence of pathogenic bacteria.
Antimicrobial susceptibility
Antimicrobial susceptibility was determined by agar disc method employing standard antibiotic discs (Hi Media). Seven antibiotics were used, namely, kanamycin (30 µg), erythromycin (15 µg), oxytetracycline (30 µg), tetracycline (30 µg), nitrofurantoin (300 µg), enrofloxacin (50 µg), and furazolidone (50 µg).
RESULTS
In the present study, 2 different unique strains of bacteria were isolated from the aquarium water and diseased blue gourami fish.
Both the isolates had fermentative metabolism, were positive for production of oxidase, lysine decarboxylase, indole, acid from maltose fermentation, and H2S, for starch degradation, and for Voges-Proskauer test, but negative for methyl red test (Table 1) .
16S rDNA analysis proved that both the isolates showed 99% similarity to the genus Aeromonas. Table 2 ). The phylogenetic tree constructed for both the strains confirmed the phylogenetic position of isolates suggesting that they belong to genus Aeromonas (Fig.  1) .
BLAST analysis of the sequences
Submission of sequences to DNA database
On the basis of the BLAST data and the morphological and biochemical tests, isolates AM1 and AM2 were identified up to the genera level as Aeromonas spp., and partial sequences of the amplified 16S rRNA gene of both the isolates were submitted to DDBJ. DDBJ accepted these sequences and incorporated them into collaborative nucleotide databases of NCBI GeneBank, European Molecular Biology Laboratory (EMBL), and DDBJ with the accession numbers AB537371 and AB539013 to strains AM1 and AM2, respectively.
Experimental infection
No fish died during acclimatization period. Only a couple of fish died in the tank A 26 days after Table 2 Results for  BLAST analyses 
Antimicrobial susceptibility testing
Results indicated that the strains AM1 and AM2 were sensitive to the antibiotics nitrofurantoin, enrofloxacin, and furazolidone, and significantly resistant to erythromycin, oxytetracycline, and tetracycline. Both the isolated strains showed intermediate susceptibility to kanamycin (Table 3) .
DISCUSSION
Phenotypic identification schemes mentioned in the standard references often do not allow characterization of certain bacterial species because of overlapping characters. However, recent advances in molecular biology allow the researchers to study, identify, and characterize organisms by using sophisticated markers. One possible answer to overcome this problem is using rRNA. Ribosomal gene markers, particularly 16S rRNA, are widely used in molecular analysis to identify and reconstruct the evolutionary history of microorganisms (Lane et al. 1985; Witt et al. 1989; Nakatsu et al. 2000; Saldarriaga et al. 2004; Steindler et al. 2005) , as the slow evolutionary rate of these conserved markers makes them suitable for reconstruction of ancient divergences.
Unlike phenotypic identification, which can be modified by the varied expression of characters, 16S rRNA sequencing provides unambiguous data even for rare isolates, which are reproducible in and across laboratories (Hossain 2008) . The results of the present study clearly indicate the usefulness of the 16S rRNA sequence analysis in the successful identification of conventionally unidentifiable microbial isolates up to generic level.
Isolation and identification of aeromonads from environmental sources pose a serious challenge because of large diversity (Shome and Shome 1999) . If not detected and treated promptly, Aeromonas spp. infection can persist as a chronic problem; therefore, it is important to determine whether an underlying stress factor is responsible for immune deficiency in fish.
Aeromonas spp. have previously been isolated from ulcerative diseased fish in the Indo-Pakistan region (Iqbal et al. 1998) . Investigators found that of the 27% of the Aeromonas isolates from fish with ulcerative symptoms in Malaysia, Thailand, and Bangladesh belonged to A. veronii var. sobria, whereas 6 of the 11 isolates from Bangladeshi fish belonged to this strain. Hossain (2008) performed 16S rRNA analysis for identification of pathogenic bacteria from the ulcerous skin of symptomatic dwarf gourami fish (Colisa lalia). Researcher, however, did not carry out any morphological or biochemical studies, and suggested that the causative organism was A. veronii on the basis of the findings of Iqbal et al. (1998) and the BLAST findings for sequence similarities in the database.
The findings from the present study have significant applications in environment, veterinary, and clinical microbiology. Both the isolated strains of Aeromonas spp. were found to be pathogenic; their presence in water and on fish predisposes humans to Aeromonas spp. infections. However, results from studies on experimental infection indicated only few cases of mortality during the experimental period of 30 days, suggesting that these strains were opportunistic in nature, and that they can survive on fish or water surface and may cause disease under unfavorable conditions such as overcrowding or poor water quality. Results for antimicrobial susceptibility studies indicated that newly isolated Aeromonas strains AM1 and AM2 can be controlled using antibiotics like nitrofurantoin, enrofloxacin, and furazolidone. In conclusion, the 16S rRNA sequence analysis of the 2 pathogenic Aeromonas strains isolated in this study need to be evaluated for their pathogenicity in the other fish species as well as in animals or humans.
